Afforestation of marginal agricultural lands is an important issue in the land use changes running in Europe at present. The aim of the presented study is the documentation of effects of site improving material Alginite three years after afforestation of agricultural land in the locality with unfavourable hydrophysical regime. The impact was evaluated on growth parameters (height increment, mortality and foliar nutrient content) of Douglas fir (Pseudotsuga menziesii (Mirb.) Franco), Scots pine (Pinus sylvestris L.) and a mixture of English oak (Quercus robur L.), red oak (Quercus rubra L.) and Norway maple (Acer platanoides L.) seedlings on former agricultural land in central Bohemia, Czech Republic. The research plot consists of 36 square sub-plots, each sub-plot is 400 m 2 in size. Each sub-plot consists of 400 individuals, except Douglas-fir with 200 individuals. The following doses of Alginite were applied: control (variant A without Alginite), 0.5 kg of Alginite (B) and 1.5 kg of Alginite (C) on both conifers and broadleaves. The results showed that Alginite application had greater positive effect on height growth of seedlings than mortality, especially variant C. In most of the cases height increments were significantly positively affected (p < 0.05) by both variants of Alginite application only in the third year after planting. Alginite applications were also connected with differences in the foliar nutrient content, especially with higher magnesium and phosphorus values. The highest differences among Alginite variants were observed for Norway maple and English oak, while the lowest for red oak and Scots pine within all monitored parameters.
Introduction
Changes of the land use are continuously running in the Europe for centuries (Skaloš et al. 2012) . From a historical perspective, the population of Central Europe has been engaged in reforestation of agricultural land for at least two centuries . This trend reversed tendencies common in the previous period, causing deforestation for the purpose of obtaining fuel, construction materials, but also for gaining the land suitable for agricultural use (Kaplan et al. 2009; Williams 2000) , throughout the whole European continent (Rowney 2015) . Although some evidence on the reforestation of non-forest lands are dated in the 16 th century (Kacálek & Bartoš 2002; Špulák 2006) , the largest expansion of afforestation of agricultural land was not until after the Second World War (Kacálek & Bartoš 2002) , especially in the border regions after the confiscation of grounds originally belonging to the German population Vacek et al. 2016 ). In the sixties of the 20 th century afforestation of non-forest land reached up to 6,000 hectares per year, later on annually around 1,000 hectares (Černý et al. 1995) . Another phase of afforesta- *Corresponding author. Lukáš Linhart, e-mail: linhartl@fld.czu.cz tion and forest expansion comes in the 1990s and is still under way . Nowadays (from 2010 to 2014) forest area in the Czech Republic increased by 2,250 ha year −1 (MZe 2015) . Large areas of agricultural land suitable for afforestation are not found only in Eastern Europe (Henebry 2009 ) and in some parts of Western Europe (Anthelem et al. 2001 ), but currently also in the Czech Republic. More exact estimates are depending on the used criteria, for example Podrázský & Štěpaník (2002) have reported between 50,000 to 500,000 hectares. In the area of the European Union there is cca 12 to 16 million ha of land to be excluded from agricultural production and thus suitable for afforestation from ecological as well as economic reasons (Campbell et al. 2008) . It is therefore important to pay a great attention to this issue.
The most frequently used tree species in the newly established forest stands was Norway spruce (Picea abies [L.] Karst.), but also other specimen such as European larch (Larix decidua Mill.), black alder (Alnus glutinosa L. Gaertn.), European ash (Fraxinus excelsior L.) and Scots pine (Pinus sylvestris L.) (Hatlapatková et al. 2006; Šindelář & Frýdl 2006; Vacek et al. 2015 Vacek et al. , 2016 . Intro-duced tree species such as Douglas fir (Pseudotsuga menziesii Mirbat.) or red oak (Quercus rubra L.) have been recently gaining attention (Gruber & Nick 2000; Miltner & Kupka 2016) . Those are also used in afforestation of former agricultural land.
The most problematic stage in the establishment and development of forest stands, particularly in extreme climatic and habitat conditions, is undoubtedly the phase of actual planting. Survival rate and initial growth of established stands determines further development of plantations . Failures in reforestation are often affected by unfavourable soil conditions. However, forest species have various mechanisms allowing successful growth under unfavorable habitat conditions (Vacek & Hejcman 2012; Vacek et al. 2012) . On the other hand, there is thus many practices designed to facilitate reforestations used in forestry, categorized as chemical or biological amelioration (Podrázský 1994 (Podrázský , 2006a Podrázský et al. 2003; Kacálek et al. 2009; Kuneš et al. 2011) . These interventions may involve the application of lime, pulverized basic rocks (Kuneš et al. 2009 ) or special slowly soluble fertilizers ). Furthermore, a number of deciduous trees has beneficial effect on the state of forest soils in mountain conditions (Podrázský et al. 2004) .
One of the important factors ensuring successful reforestation and decent survival rate of young trees is undoubtedly soil moisture in the upper horizon of the soil profile. Moisture deficiency in the soil negatively affects root system. This problem may be partially mitigated by adding fossil materials such as Alginite , which, besides, have the function of enhancing water uptake in the root area of the seedlings.
Alginite is an organic sediment representing the oil shale category, which was formed 3-4 million years ago during volcanic changes (Kulich et al. 2001; Kadar et al. 2015) . This gray to dark gray rock is rich in organic matter and contains 5 to 50%, in some deposits even 90% of organic matter (Szabó 2004) . Alginite was created in aquatic environment of algae and therefore performs a high content of elements such as phosphorus, potas sium, calcium and magnesium (Gömöryová et al. 2009 ). Vass et al. (1997 Vass et al. ( , 1998 formerly described the use of Alginite in forestry. The effect on seedlings in the first year after afforestation of agricultural land was assessed by Tužinský et al. (2015) and Kupka et al. (2015) .
This study is focused on the afforestation of nonforest land in areas less favourable for forest tree species and documents the effects of Alginite fertilization on plantations survival rate (mortality) and growth (height increment) of Scots pine (Pinus sylvestris L.), English oak (Quercus robur L.), red oak (Quercus rubra L.), Norway maple (Acer platanoides L.) and Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) three years after planting on agricultural land. The aim was also to assess the effect of different Alginite doses on nutrition concentrations in the assimilation apparatus of particular tree species.
Material and methods

Description of the study area
The effects and use of Alginite as supporting material for forest stands establishment on non-forest land was assessed at a relatively dry area near the Hovorčovice village north of Prague (Natural Forest Area/PLO 17 Polabí) in the Czech Republic. The site is located at GPS coordinates N50°13.95' E14°25.58', and provisionally named "U Lomu". It is a former agricultural land on warm and moderately dry sites with an average annual temperature of 8-9 °C. The average annual precipitation is 500-600 mm and the expectation of dry vegetation season is 20-30%. Higher temperatures and low precipitation in vegetation season are notably limiting factors on site . The research area is exposed to the west with modal eubasic to mesobasic cambisol on slate soil-forming substrate. The soil is deep to moderately deep with medium particle size distribution and good water storage capacity.
The research plot has a total area of 14,400 m 2 and consists of 36 sub-plots designed 20 × 20 m. All sub-plots were established using dug-hole method in the spring of 2013 in the 1 m by 1 m spacing (400 pieces per plot). The whole research plot was fenced and no weed trimming was applied. Selected tree species were following: Scots pine (Pinus sylvestris), and a line mix of English oak (Quercus robur), red oak (Quercus rubra) and Norway maple (Acer platanoides). Furthermore, Douglas-fir (Pseudotsuga menziesii) planting stock were planted in the 1 m × 2 m spacing (200 trees per plot). Scots pine and Douglas-fir seedlings were two years old, all broadleaves were three years old while all seedlings used were bare rooted. Besides the control variant without any application of Alginite fertilizer (variant A), two variants with the application of 0.5 kg (B) and 1.5 kg of Alginite (C) per planting point were planted. Alginite used in the study had following content of macroelements: Ca 15 528 mg/kg, Mg 1 841 mg/kg, P 42,9 mg/kg, K 196 mg/kg and N total content was 0.207%. All the variations (3 tree species choices by 3 variant choices) were established in 4 replications.
Sample processing
Tree heights were measured every autumn in the years 2013, 2014 and 2015 using height measuring instruments while mortality of individuals was also registered. Due to this fact the average height increments were calculated. In 2015, foliage samples (leaves or needles) were taken choosing 50 randomly selected trees (uniform distribu tion of random numbers by RNG/Excel) in each sub-plot in August from deciduous and coniferous species, respectively. Three composite samples were taken in each sub-plot for each tree species and for each variant.
The analysis of assimilation apparatus was realized in the Tomáš laboratory, resident in VÚLHM Opočno according to standard methodologies (Zbíral 2001) . The concentration of macroelements (N, P, K, Ca, Mg) in the dry matter of foliage was contrasted with the classification limits according to Bergmann (1993) .
The analyses were processed in the Statistica 12 software (StatSoft, Tulsa). All data were at first log transformed in order to meet the assumption of normal distribution (tested by Kolmogorov-Smirnov test). The differences between height increments of tree species were tested by one-way analysis of variance (ANOVA). Significant differences were consequently tested by post-hoc comparison Tukey's HSD tests. 
results
Plantation mortality
The values of seedlings mortality for individual tree species are listed in Table 1 below. The Alginite fertilization effect was most significantly exhibited immediately after planting, therefore already in 2013. Both smaller and larger doses had mostly positive impact on plants during the whole three-year period for Scots pine. For deciduous trees and Douglas fir, the application acted negatively in the first year, positive impact was found for English oak and Maple only in the B variant of Alginite application. In 2014 the situation was different for each tree species. Clearly positive reaction was shown by Red oak for both doses of Alginite. Douglas fir and English oak had lowest mortality in control variant A and Norway maple reacted positively to variant C. In 2015 the reaction was also mostly negative as in the first year after planting.
Seedlings height increment
For pine the plants significantly reacted to applications until second year after planting in smaller dose variant, but the reaction was negative (Table 2 ). In 2015 the results were significantly positive for both doses of Alginite application (p < 0.05). The differences in Douglas fir increment reactions were statistically significant in each year of measurements. The reaction was negative in both variants of Alginite application, the highest increment was measured in control variant A.
All deciduous trees had the same trend of reaction in the first year after planting (Table 2 ). Statistically significant differences were registered for the C variant where the increment was lower than in the control A variant. For Red Oak and Norway maple we also recorded statistically significant negative reaction in B variant. In 2014 the situation was different. Statistically significant positive reaction was documented for Red oak and English oak trees in C variant of Alginite fertilization. Douglas fir reacted positively in both doses of Alginite. Statistically significantly lower increment was measured for Scotch pine in C variant and also for Norway maple in B variant. In general the trend of increment in 2014 was ambiguous. On the other hand, in 2015 a majority of planted trees showed the same reaction. The only exception was Douglas fir with smaller increment for B and C variant. All other tree species had statistically significantly higher increments in the C variant of Alginite fertilization, Scots pine reacted positively for both B and C variants (Table 2 ).
Nutrients concentration in assimilation apparatus
There were no statistically significant differences (p > 0.05) for any of the values. The nitrogen concentration was higher only in the English oak growing on both Alginite doses. Furthermore, only Scots pine growing on 
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Note: Different letters indicate the significant differences from the control plots without Alginite application with probability p < 0.05; ±SE standard error of the mean increment.
C variant showed positive response. For other species Alginite did not affect plants in nitrogen concentrations. The most interesting results were found in phosphorus concentrations. The best results were performed by English oak and Norway maple on B and C variants. In addition, the Alginite application acted positively in red oak and Douglas fir but only for variant B, i.e. with smaller amount of fertilizer. Scots pine did not react to the stimulator and phosphorus values were even in all variants.
Diverse responses to Alginite were found in terms of potassium concentration. Only Douglas fir responded positively to the lower dose of Alginite. English oak and Scots pine were the only tree species showing positive reaction to the higher dose, i.e. 1.5 kg of Alginite. For red oak in both B and C variants the concentrations were smaller than control, Norway maple potassium concentration were smaller only in B variant.
The least positive concentrations were detected for calcium. In this element only red oak responded positively on both variants. Furthermore, the positive effect of larger Alginite dose was found in Scots pine. For other planted tree species the concentration on both variants was smaller than control.
In contrast, for magnesium the situation was reverse. The concentration of this element was higher in Alginite treated variants compared to the control variant A. The most positive reaction was found in both oaks where the concentration of magnesium was greater in both B and C variants. Maple responded positively only to 0.5 kg Alginite application. For Scots pine and Douglas fir only C variant with 1.5 kg of Alginite showed positive results.
Relationships among seedling parameters, nutrient content and variants of alginite application
Results of the PCA analysis are presented in the form of the ordination diagram in Figure 1 . The first ordination axis explained 41.1%, the first two axes together 69.3% and the first four axes together explained 96.8% variability in the data. The first axis x represented seedlings content of calcium and magnesium in the assimilation apparatus. The second axis y represented seedlings content of nitrogen and potassium in the assimilation apparatus. Height increment in 2014 and 2015 was positively correlated with content of nitrogen and mortality in the first year after planting, while these parameters were negatively correlated with potassium. Alginite application had a negative effect on mortality in the first year, but after rooting of seedlings Alginite had a positive significant impact on height growth in following years. Opposite height increment in 2013 had negative relationship with mortality in following two years. Height of seedling in 2013 was positively correlated with content of calcium and magnesium, while these parameters were negatively correlated with number of seedlings. The contribution of mean increment in 2013 was relatively small. The Alginite application (variants A, B, C) showed low significance to mutual relationships among seedling mortality, mean increment and nutrient content in the assimilation apparatus compared to great differences among tree species. Differences of variants of Alginite application were remarkable especially for English oak and maple as marks of each record are relatively distant from one another whereas marks for Red oak and pine are fairly close together in the diagram. Comparing variants of tree species with different Alginite application there were differences among one another, where variants with broadleaves with higher mortality and content of mostly nutrients (Ca, Mg and P) occupied the left part of the diagram, while higher height increment of seedlings one year after planting and density were typical for coniferous (right part). Overall Alginite application had positive higher effect on height growth of seedlings than mortality. Differences between variant A (without Alginite) and B (0.5 kg Alginite) were smaller compared to variant C 1.5 kg Alginite), while the C variant had the greatest effect on height growth.
Discussion
Reduction of trees mortality in the first year immediately after planting is one of the reasons why fertilizers are used in forestry. There are already publications focusing on plant mortality causes on forest land (Barbeito et al. 2012) and therefore raises the question of optimal ways of supporting newly planted trees. Those are for instance nutrient loaded seedlings (Scott et al. 2016) , water retaining polymers in tree nursery substrates (Navroski et al. 2016) or different fertilization approaches (Huotari et al. 2008; Pärn et al. 2009; Ferreiro-Dominguez et al. 2011; Yang et al. 2016) . Support for planting of forest trees on agricultural land with unbalanced conditions is often necessary and it becomes increasingly important with regard to further expected afforestation of agricultural land (Hatlapatková & Podrázský 2011) . Positive impact of Alginite on the seedling survival in the first year after plantation on this site were confirmed and published ) and a similar attempt in "U Hnojiště", approximately 3 km away from the locality "U Lomu" ) also showed positive effects. Definitely positive results in mortality through the three years were only recorded on pine plots, especially in 2014. In this year we can cogitate a positive impact of Alginite water absorbing capability, while the spring (Apri l-June) months were dry (Czech Hydrometeorological Institute Prague Kbely) which might have resulted in high mortality in A variant without Alginite application. Other tree species showed rather indifferent response to fertilization via mortality. The height increment of seedlings, i.e. their growth, is another factor reflecting the response to the fertilizer application. In the past, the effect of fertilizers on different kinds of trees using wood ash or ash obtained from peat was tested (Huotari et al. 2008; Kikamägi et al. 2014; Pärn et al. 2009 ). These works investigate development of the seedlings height during the first 3 years after planting; a positive influence of fertilizing by the ashes, however, was studied only on forest land. Sewage sludge is another fertilizer. These studies evaluated sparsely wooded sites on agricultural land, where forestry and pasture were combined. Evaluating the impact of sewage sludge in combination with adding nitrogen confirmed the increased height increment in red oak seedlings during the first four years after planting (Ferreiro-Dominguez et al. 2011) . Positive effect of nitrogen on height increment of seedlings in 2014 and 2015 follows also from results of PCA analysis. Furthermore Alginite application had a negative effect on mortality in the first year after planting, but in following years Alginite had a positive significant impact on height growth, probably due to rooting of seedlings through used fertiliser. Another paper, which compared the use of sewage sludge in comparison with the control and the area fertilized with mineral fertilizers (by 500 kg to 8% N -24% P 2 O 5 -16% K 2 O per hectare) also confirmed the positive effect of sewage sludge on the height of seedlings (Rigueira-Rodríguez et al. 2010) . On the other hand, the use of sewage sludge in combination with lime has not been confirmed as a positively functioning agent in the height of the seedlings (Mosquera-Losada et al. 2012) . Alginite influence with positive results in height increment has only been evaluated one year after planting Tužinský et al. 2015) . The three-year planting evaluation showed a positive trend in height increment overall. In the first year the results were somewhat negative, but this might be caused by slow growth of the root system. The second year after planting was heterogeneous throughout tree species while mostly broadleaves reacted positively. The explanation could be different root system growth rapidity. In the last year of measurements the effect of Alginite application was positive for almost all tree species. Due to these results we can suspect positive Alginite influence on agricultural land plantations. Only Douglas fir reaction was negative. Positive results are comparable with the results of sewage sludge (Ferreiro-Dominguez et al. 2011; Rigueira-Rodriguez et al. 2010) .
One of the main factors that influence the growth of forest trees is the nutrient content in assimilation organs (Šrámek et al. 2009; Truparová & Kulhavý 2011; Vacek et al. 2009 ). None of the variants with different Alginite applications showed statistical significance in the nutrient content in dry matter of the assimilation apparatus. Only slightly higher values were found for each of the measured nutrients, with the highest for P and Mg, in at least one of the species. Those were always recorded in one of the variants with Alginite application. This indicates a positive effect of Alginite fertilization on forest plants for both P and Mg have a major role in growth and formation of seedlings (Materna 1963; Vacek et al. 2006) . Those contents might also reach higher values after a longer period of growth. Furthermore, a trend of higher concentrations of elements in deciduous trees has been observed (Hagen- Thorn et al. 2004; Šrámek et al. 2009 ), most strikingly in magnesium. The actual supply of elements in the dry matter of the assimilation apparatus on afforested agricultural land according to Bergmann (1993) showed values approaching, and often exceeding the threshold of excess. In all deciduous trees, lack of nitrogen and potassium was found, which can be caused by the nature of the soil or the soil type and local conditions overall.
Conclusions
The results showed ambiguous trend of Alginite utilization on mortality of seedlings, positive effect was discovered only for Scots pine in the whole measured period, other planted trees reacted mostly negative for both doses of Alginite. The positive reaction was recorded in the height increment of most tree species in the third year after planting. One of the reasons could be a slow roots growth through used fertiliser. Agricultural land afforestation is of growing importance and we need to pay more attention to improving the soil environment and support the growth of stands. Alginite application is a way to effectively support plantations of specific tree species, and therefore, more research should be devoted to this topic in the coming years. 
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